While there exists an international trend to develop zero or near zero emissions building solutions by 2020, and European governments continuously update their building regulations to optimize the building envelope and energy systems to achieve this during the building use stage, at least in Spain the building regulations do not take into account the impact of emissions resulting from urbanization and construction activities prior to building use. This research studies in detail the entire emissions balance (and how it may be related to energy efficiency) in a newly built residential cluster project in Mancha Real (Jaén, Spain), and influences due to the choice of different urban typologies. For comparison, terraced housing and low-density, four-floor, multi-family housing alternatives have been studied. The present work assessed the life cycle of the building with the help of commercial software (CYPE), and the energy efficiency and emissions according to the legal regulations in Spain with the official software LIDER and CALENER VYP. After a careful choice of building and systems alternatives and their comparison, the study concludes that the major emissions impact and energy costs of urbanization and building activity occurs during construction, while later savings due to reductions in building use emissions are very modest in comparison. Therefore, deeper analysis is suggested to improve the efficiency of the construction process for a significantly reduced emission footprint on the urban environment.
Introduction

Background
Climate change and energy sustainability are among the five main targets the EC (European Commission) agreed to achieve by 2020. Three specific objectives define this target: to reduce greenhouse gas emissions by at least 20%, to increase energy efficiency by 20%, and to obtain 20% of energy from renewables [1] . Accordingly, the European Parliament (EP) elaborated the guidelines for greenhouse gas emission reduction to be followed by member states.
As buildings are responsible for a large share of the environmental impact, accounting for 40% of total energy consumption, they require specific attention from policy makers [2] . The EP updated its energy directives relating to buildings in 2010, with the ambitious mandate of achieving zero or almost zero energy buildings by 2020 [2] . Member states followed by updating their own national regulations. Development and Cities. All these tools, mentioned only as representative examples, attempt to be comprehensive and realistic; however, they differ greatly in their results. For example, Yoon and Park [31] compared the above three certification systems, and although the results were meaningful, and all three systems tend be balanced and comprehensive, they found significant differences among them due to the great variation among different urban cultures. Even though city and urban green certification methods keep improving and expanding, their implementation in real projects is still very limited.
Objectives and Outline of the Paper
In this context, the present paper has as its main objective a contribution to the pool of building LCA assessment case studies, where the available tools and information are enough to obtain fairly realistic results. To overcome the difficulty of deciding among many and diverse methods that are not yet fully tested, or to avoid undergoing a strict and burdensome certification process, this study also tries to use tools already common and familiar in the professional world: namely, a basic application of the LCA guidelines, with a clear delimitation of the scope of the study, and the use of tools and processes already well tested and established. Notwithstanding the evident limitation derived from the local character and the simplifications necessary in this methodology, this can be balanced by the possibility of immediate application and implementation by any professional in a wide range of cases. Environmental problems do not wait, and the 2020 deadline is just four years away. In order to provide valuable findings, this work attempts to fill the abovementioned gap between regulations and existing assessment tools, not only comparing building alternatives, but also including the construction phase and the immediate urbanization infrastructure, applied to a very specific case study. At this stage, resulting energy consumption and carbon emissions impact are the two parameters assessed, as they align with the EU 2020 agenda. The economic study of cost is intended as an additional merit of this case study, as it is an additional aid for real-world decision making.
Specifically, this paper studies an actually constructed housing cluster, and consists mainly of a comparison of two different alternatives to ascertain their advantages and disadvantages, and to aid in future planning and design decisions. Although this has been conducted with care and rigor, rather than precise calculations of absolute results, a reliable comparison between alternatives has been its main aim.
The specific objectives are as follows: To analyze energy consumption during the preparation and construction process, during the periods of production, infrastructure, and construction, plus the energy consumption resulting from usage.
To compare two commonly used urban typologies, single family terraced housing and low density multi-family housing, for their sustainability especially related to their energy impact and CO 2 emissions.
To expand the sustainability study of both typologies over the first 10 years of use, which is the legal period for design and construction warrantee in Spain, and the period in which most renovations and improvements by owners begin.
To include efficiency comparison as a new decision criterion for urban design decision making, and provide necessary data for this.
To provide conclusions on sustainability criteria regarding typology planning, resource consumption in the urbanization process, land occupancy and providing free and green spaces, and construction and infrastructure cost comparisons.
After the present introduction of the normative framework and current knowledge review and the expression of the study objectives, the second section introduces the methodology of the study, explaining how the LCA assessment tools have been used in conjunction with the official software tools for energy efficiency; the third section describes the case study in detail; and the fourth section presents the results and discussion. Finally, the conclusions show the importance of this case study in particular, not only showing the usefulness of existing tools to go beyond the minimum legal requirements, but also highlighting unique findings that challenge intuitive deductions from existing knowledge, such as the occasional lack of relation between energy efficiency and emissions, or the great portion of energy consumed and emissions produced during construction.
Methods
LCA and Software Tools
LCA is based in the guidelines of UNE-EN ISO 14040 and 14044 [23] . The first step is to define a clear delimitation of the study boundaries. As sustainable buildings are part of the sustainable city, it is interesting to position our work within its wider context. For that purpose, Table 1 provides a general overview of the phases and parties involved in the creation of a sustainable city. Design and planning, in the present research alternative planning and building typologies are studied; 2. Main assessment parameters for decision making, being the core of the present study; 3. Tools used for calculation and assessment, LCA includes just an estimation of future use. The user relies mainly on labeling and maintenance handbook; 4. The users' real behavior can be only estimated following current statistical tools. The present study covers only the first 10 years of lifespan.
The table shows the three main phases of sustainable city design and use with the specific agents involved in each. The most complex component is urban planning and design, as in addition to urban planners and designers it involves policymakers, public administrations, banks and large corporations, sociologists, citizens' associations, lawyers, and others that can participate and influence the final city planning and design.
A building project is more contained in terms of time, scope, and agents, and traditionally involves at least a client, an architect (and related consultants), and a contractor. In spite of the differing time frames, scale, and agents involved, both urban infrastructure and buildings need to be constructed, and have in common the production of a document (planning or project) that collects design and calculations (design methods in the table), and both share a production-transportation-construction process (the energy consumption row in the table) involving embodied energy and carbon emissions (the assessment parameters in the table), which can be assessed with similar LCA tools. They differ, however, in the methods and tools for assessing and rating energy efficiency and emissions impact during the use and operation period. These assessments are becoming standard procedure in buildings, although there are already tools to assess neighborhoods.
The final agent is the user, having mainly the option to use the city and building in an efficient manner, as they were intended to be used. At the city level we should consider different social groups as users whose behavior is very difficult to predict. At the building level the user is better defined, and the user's manual is the document that can ensure correct operation and maintenance, so the energy consumption and the emissions impact are within the project previsions.
In this context, the present work scope includes (i) the immediate context of the urban planning, namely, building typology selection and infrastructure design, construction, and maintenance; (ii) the building design and construction; and (iii) the use phase, assumed to be up to 10 years. In all these, the study concentrates on three factors: (a) energy impact; (b) carbon emissions impact; and (c) economic cost. There are obvious limitations to this approach, such as the uniqueness and specificity inherent to case studies and the reduction of the scope to energy, carbon, and economic cost. However, energy and carbon are two main research concerns, especially in an industry like construction, so a realistic economic study is also important to check the feasibility of the proposals.
Following the ISO 14040 and 14044 guidelines, we can relate the LCA life cycle phases of the building process as follows: Figure 1 shows the whole process of the study graphically, with a clear division of the work into two stages: construction and use. The first stage, construction, includes an analysis of the lifecycle production period (A1 to A3) and the construction period (A4 to A5). For this stage, embodied energy, energy consumption, and CO 2 emissions are detailed, along with the economic cost of urbanization and construction. The following period of the life cycle consists of usage (B1), maintenance (B2), and energy consumption (B6) in the present study it is limited to a period of 10 years, for the reasons stated in Section 1.2, and also because it introduces too much variability and uncertainty, the evaluation of which would be beyond the scope of the present study.
The second part focuses on the more conventional process of defining and assessing the building energy and emissions performance in use, related mainly to phase B1 and, more specifically, to B6 of the LCA. From the data derived from the building project and local climate data, simulations are made to check the envelope requirements, calculate the yearly thermal loads, and proceed afterwards to design and calculate HVAC (heating, ventilation, and air conditioning) and DHW (domestic hot water) systems, concluding with an assessment of energy consumption, carbon emissions, and energy rating. For calculations, we used two sets of software. We first used the commercial package CYPE [32], specifically, three of its specialized modules: CYPE Análisis de ciclo de vida (here abbreviated as CYPE LCA) for embodied energy and carbon emissions assessment in phases A1 to A5, CYPE Arquimedes to prepare the bill of materials and bill of costs, and CYPE MEP for thermal load calculation, HVAC design, and dimensioning. With the input of geographical data and the precise dimensions and specifications of urbanization, infrastructure, and building units and their equipment, the program calculates economic costs, energy needs, and ecological burdens for the life cycle for up to 10 years of use, from an extensive and constantly updated proprietary database. The detailed relation of all units studied in the two alternatives for LCA is available for download in the Supplementary Materials section (see FileS1: LCABuildingUnits.pdf).
For the purposes of this study, local data from the region (Central Andalusia) for 2012 were used, as with the economic slowdown numbers have barely changed in recent years. All data for the units entered in the program, both for cost estimation and energy/emissions calculations, are classified in the following sections: [33] . Once the building and the envelope are well defined, the energy demand is calculated with LIDER, and after the HVAC and DHW systems are dimensioned and designed, the emissions and final classification are calculated with CALENER VYP. Both programs are based on DOE-2, well localized to each of the different regions and provinces of the country. The whole calculation process in each stage, with the input, tools, and output, is summarized in Figure 2 . Tertiary Buildings) [33] . Once the building and the envelope are well defined, the energy demand is calculated with LIDER, and after the HVAC and DHW systems are dimensioned and designed, the emissions and final classification are calculated with CALENER VYP. Both programs are based on DOE-2, well localized to each of the different regions and provinces of the country. The whole calculation process in each stage, with the input, tools, and output, is summarized in Figure 2 . 
Description of the Case Study
In order to avoid a general and abstract discussion, this research takes an actual case, examining in detail the entire emissions balance (and how it may be related to energy efficiency) in a newly built residential cluster project in Mancha Real (Jaén, Spain), and the influences of different choices for urban typologies, in order to draw conclusions to better inform designers' decisions in future planning and construction. For comparison, two-floor terraced housing versus low-density, four-floor, multi-family housing alternatives have been studied, as they are among the most typical housing solutions in Spain.
Site and Urban Considerations
The site is a newly developed area south of the town ( Figure 3 ). It is part of a project designed in 1999, part of which was built between 2000 and 2009. In the final year, construction activity stopped, leaving some phases on hold. The terraced housing typology was extremely popular in the 1980s, as it broke the image of impersonal and cheap high rise constructions of the post-war period and the later period of economic development in the 1960s and 1970s, providing a more classy, individual, and "civilized" dream house. Yet most Spanish towns keep considerable areas dedicated to this typology in their urban planning, making this choice still relevant for future planning revisions. However, in this case, a possible reactivation of urban developments in the area was a good motivation to explore alternative multi-family housing possibilities with greater efficiency. For the present study we concentrated on the housing blocks, excluding from the study the common facilities and park areas. The existing planning defines a residential polygon with an area of 31,300 m 2 , with a total of 160 one-family terraced housing units distributed among five blocks of 20 units each, alternating with another five blocks of 12 units each ( Figure 4 ). The summary of areas is in Table 2 .
For comparison, two-floor terraced housing versus low-density, four-floor, multifamily housing alternatives have been studied, as they are among the most typical housing solutions in Spain.
The site is a newly developed area south of the town ( Figure 3 ). It is part of a project designed in 1999, part of which was built between 2000 and 2009. In the final year, construction activity stopped, leaving some phases on hold. The terraced housing typology was extremely popular in the 1980s, as it broke the image of impersonal and cheap high rise constructions of the post-war period and the later period of economic development in the 1960s and 1970s, providing a more classy, individual, and "civilized" dream house. Yet most Spanish towns keep considerable areas dedicated to this typology in their urban planning, making this choice still relevant for future planning revisions. However, in this case, a possible reactivation of urban developments in the area was a good motivation to explore alternative multi-family housing possibilities with greater efficiency. For the present study we concentrated on the housing blocks, excluding from the study the common facilities and park areas. The existing planning defines a residential polygon with an area of 31,300 m 2 , with a total of 160 one-family terraced housing units distributed among five blocks of 20 units each, alternating with another five blocks of 12 units each ( Figure 4 ). The summary of areas is in Table 2 . Although the present study follows the main guidelines for the current planning and construction, for an easier comparative analysis we slightly retouched the blocks, for a total of 10 identical clusters of 16 houses each ( Figure 5 ). This typological proposal was our reference typology. To define the multi-family housing typology, since density impact is not the purpose of this study, and to facilitate comparison, we kept the same number of housing units. Otherwise, Spanish planning traditionally fixes the housing units per hectare (1 Ha = 10,000 m 2 ). Altering this parameter is possible, but this requires a long legal process, as this is a basic principle and alteration has to be approved by the autonomous government [34] . On the other hand, changing only the building typology while keeping density can be accomplished through a much faster and easier process, and can be approved directly by the municipality, so it is realistic to consider this as a possible alternative in short-term planning decisions. Although the present study follows the main guidelines for the current planning and construction, for an easier comparative analysis we slightly retouched the blocks, for a total of 10 identical clusters of 16 houses each ( Figure 5 ). This typological proposal was our reference typology. To define the multi-family housing typology, since density impact is not the purpose of this study, and to facilitate comparison, we kept the same number of housing units. Otherwise, Spanish planning traditionally fixes the housing units per hectare (1 Ha = 10,000 m 2 ). Altering this parameter is possible, but this requires a long legal process, as this is a basic principle and alteration has to be approved by the autonomous government [34] . On the other hand, changing only the building typology while keeping density can be accomplished through a much faster and easier process, and can be approved directly by the municipality, so it is realistic to consider this as a possible alternative in short-term planning decisions. 
Typology Choices and Definition
To explore typological alternatives, we kept as a reference the existing design and room dimensioning and composition. We updated all the HVAC systems as well as envelope quality and performance to present-day standards [8] . The dwelling units are composed of three bedrooms and a bathroom on the upper floor, and a living/dining room with a kitchen and a small toilet on the lower floor, for a total of 108 m 2 of floor area. Additionally, they all have a parking space of about 19 m 2 on the ground floor. This size and composition is typical for this kind of housing, in the more economical and affordable versions. We did not change this, as it is familiar and easy to manage in our calculations. Therefore, we did not enter into discussions about innovating typologies (new and more efficient designs for new ways of life) or reducing the floor area, although this could be a subject for further study. As we mentioned above, this was our reference house unit, grouped in paired rows of eight units, for a planned cluster of 16 units per town block. We called this typology Alternative A (Figures 5 and 6 ). For wider reference, similar houses in 
To explore typological alternatives, we kept as a reference the existing design and room dimensioning and composition. We updated all the HVAC systems as well as envelope quality and performance to present-day standards [8] . The dwelling units are composed of three bedrooms and a bathroom on the upper floor, and a living/dining room with a kitchen and a small toilet on the lower floor, for a total of 108 m 2 of floor area. Additionally, they all have a parking space of about 19 m 2 on the ground floor. This size and composition is typical for this kind of housing, in the more economical and affordable versions. We did not change this, as it is familiar and easy to manage in our calculations. Therefore, we did not enter into discussions about innovating typologies (new and more efficient designs for new ways of life) or reducing the floor area, although this could be a subject for further study. As we mentioned above, this was our reference house unit, grouped in paired rows of eight units, for a planned cluster of 16 units per town block. We called this typology Alternative A (Figures 5 and 6 ). For wider reference, similar houses in semi-detached and detached versions were analyzed in terms of area, volume, and compactness for preliminary comparison. semi-detached and detached versions were analyzed in terms of area, volume, and compactness for preliminary comparison. Figure 7 below. Among these, we chose the last one, as it provides cross-ventilation and a similar orientation of all units for optimum sunlight planning, and the combination of compactness and general proportion and orientation is the closest to the terraced housing solution we are comparing with. We called this Typology B (Figures 8 and 9 ). Table 3 shows the resulting areas for housing and streets in both alternatives ( Figure 7) . The complete set of urbanization and architectural drawings is available for download in the Supplementary Materials section (see FileS2: AltA_Drawings.zip, FileS3: AltB_Drawings.zip). Figure 7 below. Among these, we chose the last one, as it provides cross-ventilation and a similar orientation of all units for optimum sunlight planning, and the combination of compactness and general proportion and orientation is the closest to the terraced housing solution we are comparing with. We called this Typology B (Figures 8 and 9 ). Table 3 shows the resulting areas for housing and streets in both alternatives (Figure 7) . The complete set of urbanization and architectural drawings is available for download in the Supplementary Materials section (see FileS2: AltA_Drawings.zip, FileS3: AltB_Drawings.zip). 
Envelope and HVAC systems Definition
The envelope specifications are defined according to the CTE documents for energy efficiency [8] . CYPE MEP calculates the envelope performance. With the input of the building envelope data, the description of each of the building spaces to 
The envelope specifications are defined according to the CTE documents for energy efficiency [8] . CYPE MEP calculates the envelope performance. With the input of the building envelope data, the description of each of the building spaces to be heated/cooled, and the climatic data in the software database, CYPE MEP calculates the complete list of thermal load and LIDER checks the compliance with CTE requirements. With the thermal loads input, CYPE MEP helps with designing and dimensioning the HVAC systems. Two HVAC (heating, ventilation, and air conditioning) alternatives have been checked to compare their differing impact on costs and emissions: I Air-air heat pump for heating and cooling II Biomass heating with radiators and air-water heat pump system for cooling.
The DHW heating is calculated based on an estimation of the users' consumption and solar radiation data. The main energy source is a set of solar panels installed on the roof. Alternative I includes electrical backup by Joule heating. Alternative II is studied in two variations, IIa also with a Joule heating backup, and IIb with a biomass boiler backup. 
Results and Discussion
Energy and Emissions Study in the Different Stages of the LCA
Urbanization and Construction (LCA Stages A1 to A5)
The results of the calculations for embodied energy and carbon emissions from infrastructure construction (stages A1 to A5 of LCA) are summarized in Table 5 for the two alternatives. Details are included in Appendix A, Tables A1-A4. In the same manner we calculated the results for energy consumption (embodied energy) and carbon emissions from the building construction (stages A1 to A5 of LCA), as detailed in Table 6 below. Details are included in Appendix A, Tables A5-A8. Table 6 . Summary of urbanization embodied energy and CO 2 emissions. Alternative I: Air-air heat pump for heating and cooling. Hot solar water with Joule effect backup. A description of the HVAC and DHW systems is provided in Section 3.3. For Alternative II, the CALENER VYP assessment program estimated the energy demand and emissions, and provided the energy qualification labels. Alternative IIa: Biomass heating with radiators and air-water heat pump system for cooling. Hot solar water with Joule heat effect backup. With the data in Section 3.3, the yearly demand estimation and rating labels were calculated with the CALENER VYP assessment program as in the previous case. Alternative IIb: Biomass heating with radiators and air-water heat pump system for cooling. Hot solar water with biomass boiler backup. This variation was made to improve the emissions reduction for a better qualification. Table 7 summarizes the CALENER VYP results, for the entire set of 160 dwelling units in the first 10 years of use. The CALENER VYP detailed output labels are included in Appendix B, Figures B1-B6. In order to facilitate the discussion, all data in the previous tables and images have been summarized in Table 8 , for all the lifecycle stages studied, with typologies A and B side by side.
Construction Energy And Emissions Impact
The first part of the table is straightforward, and the results are not surprising. Even though the multi-family typology calls for about 10% more built area, due to its compactness and reduced needs for urban infrastructure (streets and services, 13,576 m 2 for typology A, and 5365 m 2 for typology B), the energy and emissions impact is considerably smaller than for the single family typology. In the urbanization stage the differences are considerable. Typology A consumes nearly 170% (2.69 times) more energy, with emissions also 172% (2.72 times) CO 2 higher than Typology B. In the building stage the differences are also remarkable, although less dramatic. Typology A consumes almost 31% more energy, and emits almost 30% more CO 2 than Typology B.
The 10-year energy use required a deeper analysis, as there are many alternatives for heating and cooling systems. The building envelope was defined based on the legal standards for lower thermal loads, as for comparison the important factor is that both typologies have similar solutions. Thermal loads (heating and cooling) are not detailed here in the interest of brevity, and Table 8 provides only the results of the total primary energy used and total carbon emissions for each HVAC alternative (I and II) described in Section 3.3 above. Hot water requirements depend on the users, and therefore are the same in both typologies. Solar heat collection with either an electrical backup (Joule heat effect) as in Alternative I and IIa or a biomass boiler as in Alternative IIb was studied. Even though the hot water energy demands are very modest compared to heating and cooling, the backup proved to have a significant impact on the total primary energy and especially on carbon emissions.
The later section of Table 8 provides results for 10 years of energy consumption and carbon emissions, and adds them to the infrastructure and construction impact for three different totals for Typologies A and B, one for each alternative studied. The first alternative (Alt. I) proved counter-intuitive, as being the most energy efficient it resulted in a very mediocre emissions mark (C for the single family unit, with over 169 kg of CO 2 per m 2 of building, and D for the multi-family unit, with 130 kg of CO 2 per m 2 of building over 10 years). With more efficient energy use, due to the electricity production in Spain (which in spite of its modernization efforts still heavily relies on thermal centrals), this has as a result a more mediocre primary energy efficiency than expected (but better than the other alternatives), and the worst carbon emissions results of all. When comparing typologies, not surprisingly B is always more efficient than A, in both consumption and emissions.
Alternative IIa with a biomass boiler resulted in a better emissions mark (B for both, with a greatly reduced 70 kg of CO 2 per m 2 of building in a single family typology, and 49 kg of CO 2 per m 2 in a multi-family building over 10 years). However, since this improvement attained only a B, we studied how to further reduce emissions with Alternative IIb. At this stage, even the very modest energy consumption of the domestic hot water contributed to this result. By changing the electrical backup in the hot water tank for a biomass boiler backup, emissions mark A was reached, with a carbon emission near ideal (32 kg of CO 2 per m 2 of a single family typology, and 27 kg of CO 2 per m 2 of a multi-family building over 10 years). However, when compared to the Alternative IIa results, we found that the CO 2 savings did not compensate for the higher energy consumption, and decided on Alternative IIa for our comparative study with the economic cost analysis. The above discussion is graphically depicted below ( Figures 10 and 11) , where one can readily observe that in the alternatives studied, energy and carbon efficiency are not related (they are actually inversely related in some cases), although results may vary for more alternatives or other countries with different electrical production systems. Apart from the improvements in energy use over the 10 years period, it became evident that the largest energy and emissions impact occurs during the infrastructure and construction process. In our example, only changing the typology brought energy and emissions benefits of 334 kg of CO 2 per m 2 of the multi-family building, much larger than what can be gained over 10 years (or more) of very efficient operation (as in the 22 kg of CO 2 per m 2 saved in typology B when changing from Alt. IIa to Alt. IIb). Furthermore, larger gains in operational efficiency will bring very modest benefits, while construction and urbanization still have much room for improvement. typology brought energy and emissions benefits of 334 kg of CO2 per m 2 of the multifamily building, much larger than what can be gained over 10 years (or more) of very efficient operation (as in the 22 kg of CO2 per m 2 saved in typology B when changing from Alt. IIa to Alt. IIb). Furthermore, larger gains in operational efficiency will bring very modest benefits, while construction and urbanization still have much room for improvement. Figure 12 shows the percentage of carbon impact in urbanization, building, and 10 years' operation. The embodied carbon footprint in the urbanization and construction process is 92% to 93% of the total in the first 10 years of use. Figure 12 shows the percentage of carbon impact in urbanization, building, and 10 years' operation. The embodied carbon footprint in the urbanization and construction process is 92% to 93% of the total in the first 10 years of use.
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Economic Study
The total monetary cost in euros has been calculated for the chosen Alternative IIa in both typologies, with a summary in Table 9 . Detailed calculations of the costs are available for download in the Supplementary Materials Section:
FileS1: LCA Building units FileS8: Urbanization costs estimation FileS9: Urbanization 10-year maintenance cost 
The total monetary cost in euros has been calculated for the chosen Alternative IIa in both typologies, with a summary in Table 9 . Detailed calculations of the costs are available for download in the Supplementary Materials Section: For simplicity and to facilitate further comparisons, economic estimates are calculated over the real material cost of materials, equipment, and construction. Further cost variables, such as VAT and contractor costs and benefits, have been excluded. For VAT, the tax rate has not only changed several times over the years, but will likely continue to do so in the future according to political and economic circumstances. Even in the same time period, VAT is not applied homogeneously. For example, in 2015, the purchase of a newly built house was assessed a 10% VAT, but if the house was subject to any public subvention, the charge was only 4% [35] . This led to a complication beyond the scope of the present study, which is centered construction cost. For contractor costs and benefits, e.g., contracts with public administrations, the tender must add 6% as a benefit and 13% as overhead and exploitation costs over the net cost [16] . For private construction in the free market these percentages change significantly.
As expected, the costs for Typology B are more contained, with the largest difference in infrastructure (with a ratio close to 3:1) and a considerable difference in building construction and maintenance, with Typology A being on average over 41% more expensive than Typology B when comparing unitary costs, and near 30% when comparing total costs.
The energy costs of heating and cooling and hot water are included in the totals in the last line of Table 9 , comprising stages B1 and B6 of the life cycle period. It is noteworthy that the biomass equipment is considerably more expensive than the simpler heat pump system. For Typology A, the total cost increase was estimated at €190,000 (almost 3.5 times more expensive), and for Typology B, €94,000 (2.25 times higher). However, even when the energy efficiency of the biomass boilers is smaller, the price difference between electricity and biomass fuel at the time of the study accounted for considerable savings (almost €25,000 per year in Typology A, and €13,500 per year in Typology B). If the relative price difference persists over time, the higher cost of the heating system can pay for itself before the end of the 10-year period studied (we roughly calculated this at constant money value, for around 7.5 and 7 years, respectively). Lower operation costs can be an additional incentive, along with lower carbon emissions. We only need both developers and users to consider the long term, not the immediate upfront costs, which is not easy in a strained market.
Other Considerations
In addition to the clear ecological benefits of the small collective housing over the individual single-family terraced housing, there are more variables to be considered for final planning decisions. It is sufficient to compare the resulting plans of one block of terraced housing and one block of multi-family houses to ascertain differences in the resulting house and urban space definitions (Figures 5-8) . The drawings are to be considered diagrammatic, as we did not intend to make an ideal design, simply a suitable typological object defined well enough for this study. Suitable design can produce acceptable results in any of the typologies, but we did not consider that factor.
In comparing both plans, we can see the advantages of Typology A. Living directly on the grounds, having total ownership of the building and land, direct access from the street, and an individual parking space, without depending on elevators or common stairs, are popular features. The negative aspects are the narrowness of the open spaces, the complete absence of communal green areas, relatively reduced privacy due to neighbors' windows being very close, and the limitations in design, as the space is so tight that few variations are possible in massing or building disposition. For accessibility, the second floor is always limited, as the only possible access is via the stairs.
Collective housing offers more distance from streets and safer, wider pedestrian and communal green areas. The abundance of space provides sufficient freedom to change the block design and position to adapt to topography or other circumstances. An elevator would make all floors accessible, and more distance between windows would provide more privacy between buildings. Some negative aspects are the shared ownership with permanent negotiation of costs and management, the added cost of maintaining large green spaces, the privacy problems of having many surrounding neighbors, and the sense of isolation, as one must choose between being outside the building in an open space, or confined inside the apartment. Table 10 summarizes the basic results of the study. The analysis clearly shows the advantage of multi-family housing typologies over single-family terraced housing typologies, in terms of both economic and ecological costs. The multi-family typology also allows for more opportunities for communal activity and shared spaces, which also count as desirable social sustainability features. Therefore, we consider it advisable to consider adopting this typology in existing planned areas where short or midterm decisions must be made without changing the densities established by law. If demand for terraced housing still exists, we would suggest keeping the proportion of these relatively small in order to provide variety, while clearly informing the users of the impact and costs of this typology. A second important finding is the necessity of studying energy saving systems in detail for each alternative, and the need to also know the real impact of the primary energy produced. In this case, the results have been counter-intuitive. We were surprised to see that in some cases less energy consumption produced more CO 2 emissions, when we would think the numbers are directly correlated. Different countries or even regions, and different times may completely change the results, especially for the type of electricity used. In Spain, electricity production is still largely through dirty and low efficiency means, producing disappointing results, even with the implementation of the most modern and efficient HVAC control systems.
Conclusions
A third unintended but surprising finding was the extremely high impact of construction in the context of the whole life cycle analysis. The correct typology choice greatly reduced the ecological impact of the urbanization and construction phases. The embodied energy and emissions of this phase are enormous. In the first 10 years of LCA in this case they account for more than 90%; simply by deciding on the optimal typology, this can be reduced by 1.55. Therefore, building and urban typologies deserve much more attention, as their impact-reducing potential can be very significant. While we need to keep working on progressive improvements in the efficiency of buildings in their use stages, as we approach zero or near zero emissions buildings, we see that the potential gains made beyond what has already been achieved are relatively modest compared to the remaining impact of the construction process.
Finally, the present case study helped to add relevant data to existing research on the subject, so this can be useful in understanding the impact of early design and small-scale planning decisions, and the impact of the construction process. The methodology used relies on available tools and can be easily applied to different cases, producing comparable results and overcoming one of the difficulties of present research. This demonstrated meaningful energy and carbon assessments, and can fill the gap between the legal requirements and the wider environmental improvements needed in construction. Furthermore, the inclusion of a detailed economic study provides additional help in decision making. Further study is needed to compare these results with outputs obtained from different methodologies. Also, further research can work on identifying specific materials and processes that could reduce construction's environmental impact. Tables A1-A4 for each of the two alternatives A and B. From now on, for clarity, the data in tables related to Typology A are written in blue, while data related to Typology B are written in green. The results are summarized as follows: Typology A urbanization total embodied energy in stages A1 to A5 is 31,903,977.64 MJˆ0.28 « 8,933,114 kWh (rounding 1 MJ « 0.28 kWh); urbanization total CO2 emissions in stages A1 to A5 is 3,318.17 tons. Typology B urbanization total embodied energy, stages A1 to A5 is 11,874,576.65 MJˆ0.28 « 3,324,881 kWh; urbanization total CO2 emissions in stages A1 to A5 is 1,221.45 tons. The results for energy consumption (embodied energy) and carbon emissions of the buildings construction (stages A1 to A5 of LCA) are detailed in Tables A5-A8 Appendix B: CALENER VYP Label Output NOTE: CALENER VYP label output is a bitmap. Here we reproduce a literal English translation of the original Spanish labels. For Typology A, a software bug probably resulted in the heating emissions being zero, which is not consistent with the energy demand. That bug also produced an inconsistent number in the original research and in the previous conference paper, whose reason we have been able to detect only now. Although the error did not affect the results of the research, we corrected it by hand, and Figures B3 and B5 show the corrected numbers in red. The values per square meter in CALENER VYP tables are calculated based on the area of only the rooms with heating/air conditioning. However, in the main text, we made the calculations by dividing the total values of kWh or kg by the total built area. 
